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1. Summary

The clastogenicity of MWCNT was examined in chromosome aberration test using 
cultured Chinese Hamster Ovary (CHO-k1) cells in both the presence and absence of 
metabolic activation system (S9 mix). The test substance was dispersed in DPPC 
solution and serially diluted with DPPC solution.

In order to assess the cytotoxicity of the test substance in cultured CHO-k1 cells, 
Relative Cell Count (RCC) was calculated for all cultures treated with the test and 
control substances. On the basis of this preliminary test, the following treatment times 
and concentrations were selected for the main study.

• 24 hours continuous treatment (without S9 mix) : 
   0.78, 1.56, 3.13 ㎍/㎖
• 6 hours treatment and 18 hours recovery (without S9 mix) :
   0.78, 1.56, 3.13 ㎍/㎖
• 6 hours treatment and 18 hours recovery (with S9 mix) :
   0.78, 1.56, 3.13 ㎍/㎖
   
As a result of the main test, the test substance did not produce a statistically significant 
increase in the number of cells with chromosome aberrations at all dose levels when 
compared with the negative control in the absence of S9 mix (24 hours continuous 
treatment group and 6 hours treatment and 18 hours recovery group).

In the presence of S9 mix (6 hours treatment and 18 hours recovery), the test substance 
caused no statistically significant increase in the number of cells with chromosome 
aberrations at all dose levels when compared with negative control. 

Furthermore, the test substance did not induce a statistically significant  increase in the 
number of cells with polyploidy or endoreduplication when compared with the negative 
control in the presence and absence of metabolic activation system (S9 mix).

Based on the above results, it is concluded that the test substance MWCNT is not 
capable of inducing chromosome aberration in cultured CHO-k1 cells under the 
condition of this study. 
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2. Test substance and control substances

 1) Test substance 
(1) Product name : MWCNT (KUMHO: K-Nanos-100P)
(2) Lot No. : Not available
(3) Received date : 25 January, 2013
(4) Received quantity : 666.89 g (including container weight)
(5) Appearance : Powder
(6) Purity : More than 90 % (We assumed 100 % for test substance and carried out 
the test)  
(7) Solubility : The test substance was dispersed in DPPC solution at 1.0 % 
concentration.
(8) Storage condition : Room temperature
(9) Stability : Not available
(10) Caution : Not available
(11) Supplier : KUMHO PETROCHEMICAL

2) Negative control substance (solvent 1)
(1) Name : 1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)
(2) Lot No. : 078K5203
(3) CAS No. : 63-89-8
(4) Molecular weight : 734.04
(5) Date received : 21 March 2012  
(6) Quantity Received : 1 g 
(7) Appearance : White powder
(8) Grade : ≥ 99 %
(9) Storage condition : Freezing storage
(10) Supplier : Sigma-Aldrich, Inc.

3) Negative control substance (solvent 2)
(1) Name : Dulbecco's phosphate buffered saline (DPBS)
(2) Lot No. : 031M8307
(3) CAS No. : Not available
(4) Date received : 08 May 2012  
(5) Quantity Received : 480 g 
(6) Appearance : White powder
(7) Storage condition : Cold storage
(8) Supplier : Sigma-Aldrich, Inc.

4) Negative control substance (solvent 3)
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(1) Name : D-(+)-Glucose
(2) Lot No. : 071M0145V
(3) CAS No. : 50-99-7
(4) Date received : 28 August 2012  
(5) Quantity Received : 1 ㎏ 
(6) Appearance : White powder
(7) Storage condition : Room temperature
(8) Supplier : Sigma-Aldrich, Inc.

5) Negative control substance (solvent 4)
(1) Name : Bovine serum albumin
(2) Lot No. : 750462
(3) CAS No. : Not available
(4) Date received : 06 April 2009  
(5) Quantity Received : 100 g
(6) Appearance : Brown powder
(7) Storage condition : Cold storage
(8) Supplier : Gibco

6) Positive control substance I (Without metabolic activation)
(1) Name : Mitomycin C (MMC)
(2) Lot No. : 010M0665
(3) CAS No. : 50-07-7
(4) Molecular weight : 334.3
(5) Date received : 09 July 2012 
(6) Quantity received : 2 mg
(7) Feature : Water soluble
(8) Storage condition : Cold storage (4 ℃)
(9) Supplier : Sigma-Aldrich, Inc.
(10) Concentration : 0.04 ㎍/㎕

7) Positive control substanceⅡ(with metabolic activation)
(1) Name : Cytophosphamide․H2O (CPA) 
(2) Lot No. : 120M1253
(3) CAS No. : 6055-19-2
(4) Molecular weight : 279.1
(5) Date received : 28 March 2011 
(6) Quantity received : 1 g
(7) Feature : Water soluble
(8) Storage condition : Cold storage (4 ℃)
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(9) Supplier : Sigma-Aldrich, Inc.
(10) Concentration : 10 ㎍/㎕

8) Justification for the selection of control substances
Prior to execution of this study, the solubility of the test substance was not 
well-dispersed in general dispersion agents. For this reason, we selected the DPPC 
solution (5.5 mM D-(+)-glucose + 0.6 mg/ml Bovine serum albumin + 0.01 mg/kg 
DPPC in DPBS) according to Kim et al., 2011 study (Evaluation of biocompatible 
dispersants for carbon nanotube toxicity tests, Arch. Toxicol. 85: 1499-1508). As a 
result of solubility test, we observed that the test substance was well-dispersed in 
DPPC solution at 1.0 % concentration.  

  Positive control substances were selected according to OECD guidelines No. 473.  
                                                                        

3. Materials and methods

1) Test system
This study was performed with Chinese Hamster Ovary cell (CHO-k1) that was  
obtained from Korean Cell Line Bank (KCLB). 
(1) Justification for selection of cell line
We selected CHO-k1 cells which were known for high sensitivity to             
chemicals and have much study data in chromosome aberration studies.
(2) Method of cultivation
① Culture medium : F-12 Nutrient Mixture (GIBCO, Lot No. 1237575) with 10% 
Fetal Bovine Serum (Hyclone, Lot No. AXC36539).
② Culture condition : Incubator maintained at 5 % CO2, 37 ℃. Subculture         
was conducted every 3～4 days.
③ Doubling time : about 15 hours
④ Modal chromosome number : 22
⑤ Storage condition : Cells were cryopreserved in F-12 Nutrient Mixture         
with 10 % Fetal Bovine Serum (FBS) and 10 % DMSO and stored in liquid        
nitrogen (-196 ℃).
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2) Metabolic activation system (S9 mix)
(1) S9

Supplier Molecular Toxicology Inc.
Manufacture date 20 September 2012

Date of acquisition 01 December 2012
Expiry Date 20 September 2014

Lot No. 3003
Storage condition -80℃ (Deep Freezer DF9007)

Protein content 39.5 ㎎/㎖

(2) Preparation of S9

Animal Inducing agent

Species SD Rat Agent Aroclor 1254
(Monsanto Lot No. KL615)

Sex Male Route I.P.
Age 7 weeks Buffer 0.154 M KCl

(3) S9 Mix

Ingradients Concentration

S9  0.3 ㎖

MgCl2  5 μmol

KCl 33 μmol

G-6-P  5 μmol

NADP  4 μmol

HEPES buffer  4 μmol

Distilled water -

3) Test method
This study was conducted in accordance with the following test guidelines:  
National Institute of Environment Research (NIER) [Notice No. 2012-23, (revised 22 
August 2012)].
OECD Guideline for Testing of Chemicals No. 473 ‘In vitro Mammalian chromosome 
aberration test’(Adopted: 21 July 1997).
The standard operation procedures (SOPs) of Korea Conformity Laboratories 
(KCL/CRO).
(1) Preparation of test substance
The test substance was dispersed in DPPC solution and serially diluted with DPPC 
solution.
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(2) Preliminary range-finding test
In order to determine the cytotoxicity and dosing concentration for the main test, the 
preliminary range-finding test was performed. The cultured cells were treated with the 
following 8 concentrations (1.56, 3.13, 6.25, 12.5, 25, 50, 100, 200 ㎍/㎖) of test 
substance both with and without S9 mix along with control substances. The number 
of cells per culture dish was calculated for each concentration by hemacytometer. 
Relative cell count (RCC) was calculated according to the following formula : RCC 
(Relative Cell Count) = (No. of treated cells/No. of control cells)×100 (%)
(3) Main test
The main test was conducted at 3 concentrations determined by the preliminary 
range-finding study. Two replicate cultures were used for each concentration level. 
① Without S9 mix (6 hours treatment and 24 hours treatment)
Based on the cell count, test cultures containing 4×104 cells/㎖ were seeded in 60 
mm diameter tissue culture dishes and incubated for 3 days. The culture medium 
was removed from the culture dish and 4.90 ㎖ of pre-warmed fresh medium was 
added to each dish. Then, 0.10 ㎖ of  test substance (MWCNT) was added to each 
dish. 
For 6 hours treatment and 18 hours recovery group, the cells were exposed to the 
test substance for 6 hours. The culture medium was removed and the cells were 
rinsed with PBS (Ca2+ & Mg2+ free Dulbecco's phosphate buffered saline). 5 ㎖ of 
complete culture medium was added and the culture was incubated for an additional 
18 hours. 
② With S9 mix (6 hours treatment)
Based on the cell count, test cultures containing 4×104 cells/㎖ were seeded in 60 
mm diameter tissue culture dishes and incubated for 3 days. The culture medium 
was removed from culture dishes and 4.40 ㎖ of pre-warmed fresh medium was 
added to each dish. 0.10 ㎖ of test substance (MWCNT) and 0.50 ㎖ of S9 mix 
was added to each dish. The cells were exposed to the test substance for 6 hours. 
The culture medium was removed and cells rinsed with PBS (Ca2+ & Mg2+ free 
Dulbecco's phosphate buffered saline). 5 ㎖ of complete culture medium was added 
and then the culture was incubated for an additional 18 hours.  
③ Slide preparation 
Approximately 22 hours after treatment, Colcemid (GIBCO,  1150757) was added to 
each culture for a final concentration of 0.2 ㎍/㎖. The cultures were incubated for 
an additional 2 hours. The cells were detached using 1× trypsin solution. The 
medium containing mitotic cells was centrifuged at 1,000 rpm for 5 minutes, and the 
cell pellets were resuspended in 75 mM potassium chloride (KCl) solution. After 20 
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minutes at room temperature, the cells were fixed 3 times with Carnoy's fixative 
solution (methanol : glacial acetic acid = 3 : 1 v/v). Two slides were prepared from 
each fixed cell suspension. The slides were air-dried, stained with 5% Giemsa 
(Merck, HX105037) for 5 minutes and observed microscopically. 

4) Evaluation of metaphase and statistical analysis
(1) Observation method
The analysis was conducted at criteria of  100 metaphase cells per plate as described  
below. The frequency of aberration is the ratio of normal cells to cells exhibiting    
chromosomal aberration. Blinded slide observation was performed.
① Structural aberration
Gap (Chromatid type, Chromosome type) : gap
Breakage (Chromatid type) : ctb
Exchange (Chromatid type) : cte
Breakage (Chromosome type) : csb
Exchange (Chromosome type) : cse
② Numerical aberration
Numerical aberration : PP, ER 

(2) Observation criteria
① Gap : Gap is an achromatic lesion smaller than the width of one chromatid and  
with minimum chromatid misalignment.
② Breakage : Breakage is an achromatic lesion larger than the width of 2 folds of  
one chromatid.  It is as far away from alignment and does not have kinetochore.
③ Exchange : DNA breaks (in one or more chromosome) can participate in the     
production of aberrations. Broken free ends in neighbouring chromosomes can interact 
and form DNA exchanges.
④ Others : Fragmentation includes many gaps and breakages but without exchanges. 
⑤ Numerical aberration : CHO-k1 has a modalchromosome number of 22.     
Anueploidy is not counted as numerical aberration since it occurs frequently.       
Thus, only polyploid is classified as a numerical aberration (over 3n=36) 
Endoreduplication was also recorded.

(3) Statistical analysis and evaluation 
The number of aberrant metaphases, excluding gaps (according to OECD guideline), and 
number of (Polyploid + Endoreduplication) were analyzed. The statistical analysis were 
performed with SPSS 12.1K program. The result of statistical evaluation was regarded as 
significant when the p value was less than 0.05.
① The negative control and treated groups received a Chi-square test.
② The negative and positive control groups received a separate Chi-square test 
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③ Linear logistic regression test was performed for dose-response.
④ Study evaluation: Study results were judged as positive if there was a         
dose-related and statistically significant increase in the number of aberrant 
metaphases, or if a reproducible positive results was detected in at least one test 
concentration.
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4. Results

1) Preliminary range-finding test 
In order to determine the treatment concentration of the main test, Relative Cell Count 
(RCC) was calculated for all cultures treated with the test substance and control 
substance at the 8 dose levels (1.56, 3.13, 6.25, 12.5, 25, 50, 100, 200 ㎍/㎖).

In the 24 hours continuous treatment group (without S9 mix), RCCs were 43.87 % 
and 49.57 % in order of 6.25 ㎍/㎖ and 3.13 ㎍/㎖. In the 6 hours treatment and 18 
hours recovery group (without S9 mix), RCCs were 42.69 % and 49.00 % in order of 
6.25 ㎍/㎖ and 3.13 ㎍/㎖ (without S9 mix). Also, we observed test substance 
precipitation at 6.25, 12.5, 25, 50, 100, 200 ㎍/㎖ in the 24 and 6 hours treatment 
group (without S9 mix) (Annex 1). 
 
In the 6 hours treatment and 18 hours recovery group (with S9 mix), RCCs were 
44.42 % and 49.18 % in order of 6.25 ㎍/㎖ and 3.13 ㎍/㎖ (with S9 mix). We also 
observed test substance precipitation at 6.25, 12.5, 25, 50, 100, 200 ㎍/㎖ in the 6 
hours treatment and 18 hours recovery group (with S9 mix) (Annex 1).   

Considering RCC and test substance precipitation in the preliminary range-finding, the 
main test was conducted at the 3 concentration of 2 fold. The details of concentrations 
are following :    

• 24 hours continuous treatment (without S9 mix) : 
   0.78, 1.56, 3.13 ㎍/㎖
• 6 hours treatment and 18 hours recovery (without S9 mix) :
   0.78, 1.56, 3.13 ㎍/㎖
• 6 hours treatment and 18 hours recovery (with S9 mix) :
   0.78, 1.56, 3.13 ㎍/㎖
   
2) Main test
In the 24 hours continuous treatment group without S9 mix, the frequency of  
chromosome aberration is 0.5, 0.0, 1.0 and 0.5 at 0, 0.78, 1.56 and 3.13 ㎍/㎖. The 
test substance caused no statistically significant increase in the number of cells with 
chromosome aberration at all dose levels when compared with negative control group 
(Figure 1 & Table 1).
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In the 6 hours treatment and 18 hour recovery group without S9 mix, the frequency of  
chromosome aberration is 0.0, 0.0, 0.5 and 1.0 at 0, 0.78, 1.56 and 3.13 ㎍/㎖. The 
test substance caused no statistically significant increase in the number of cells with 
chromosome aberration at all dose levels when compared with negative control group 
(Figure 2 & Table 1).
In the 6 hours treatment and 18 hours recovery group with S9 mix, the frequency of  
chromosome aberration is 0.0, 0.5, 0.5 and 0.5 at 0, 0.78, 1.56 and 3.13 ㎍/㎖. The 
test substance caused no statistically significant increase in the number of cells with 
chromosome aberration at all dose levels when compared with negative control group 
(Figure 3 & Table 2). 
  
In the presence and absence of S9 mix, the test substance caused no statistically 
significant in the number of cells with polyploidy and endoreduplication, when 
compared with negative control group (Table 1 & 2). 
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5. Discussion and conclusion

This study was performed to assess the ability of MWCNT inducing chromosomal 
aberrations using cultured Chinese Hamster Ovary (CHO-k1) cells in both the presence 
and absence of metabolic activation system (S9 mix).

On the basis of preliminary range-finding test, the following treatment times and 
concentrations were selected for the main study. 

According to main study result, we could not observe statistically significant increase in 
the number of cells with chromosome aberration at all dose levels when compared with 
negative control group in the 24 hours continuous treatment group (0.78, 1.56, 3.13 ㎍/
㎖) and the 6 hours treatment and 18 hours recovery group (0.78, 1.56, 3.13 ㎍/㎖) 
without S9 mix (Figure 1 and 2 & Table 1). 

In the 6 hours treatment and 18 hours recovery group (0.78, 1.56, 3.13 ㎍/㎖) with S9 
mix, the test substance caused no statistically significant increase in the number of cells 
with chromosome aberration at all dose levels when compared with negative control 
group (Figure 3 & Table 2).  

Based on the above results, it is concluded that the test substance MWCNT is not 
capable of inducing chromosome aberration in cultured CHO-k1 cells under the 
condition of this study.  
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7. Figures & Tables (Group Summary)

Figure 1. The number of cells with chromosome aberrations in the absence of  S9 mix (24 
hrs treatment). 
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Figure 2. The number of cells with chromosome aberrations in the absence of  S9 mix (6 hrs 
treatment).          
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Figure 3. The number of cells with chromosome aberrations in the presence of  S9 mix (6 
hrs treatment). 
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Exposurea) S9
mix

Dose
(μg/ml)

No. of total 
chromosome 

aberrations (Mean)

No. of cells with 
chromosome 

aberrations (Mean)
PP+ER
(Mean)

(-)Gap (+)Gap (-)Gap (+)Gap

24-0 - Negative control 0.5 0.5 0.5 0.5 0

- 0.78 0 0 0 0 0

- 1.56 1 1 1 1 0

- 3.13 0.5 0.5 0.5 0.5 0

-
MMC
(0.04)

28.5 29   28 * 28.5 0

6-18 - Negative control 0 0 0 0 0

- 0.78 0 0 0 0 0

- 1.56 0.5 0.5 0.5 0.5 0

- 3.13 1 1.5 1 1.5 0

-
MMC
(0.04)

24 24   24 * 24 0

Table 1. The number of cells with chromosome aberrations in the absence of S9 mix. 

* Significantly different from the negative control at p<0.05

Test substance : MWCNT

a) Treatment time-recovery time 

MMC : Mitomycin C (0.04 μg/ml)
PP : Polyploidy 
ER : Endoreduplication 
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Exposurea) S9
mix

Dose
(μg/ml)

No. of total 
chromosome 

aberrations (Mean)

No. of cells with 
chromosome 

aberrations (Mean)
PP+ER
(Mean)

(-)Gap (+)Gap (-)Gap (+)Gap

6-18 + Negative control 0 0 0 0 0

+ 0.78 0.5 0.5 0.5 0.5 0

+ 1.56 0.5 0.5 0.5 0.5 0

+ 3.13 0.5 0.5 0.5 0.5 0

+
CPA
(10)

25.5 25.5   25.5 * 25.5 0

Table 2. The number of cells with chromosome aberrations in the presence of S9 mix. 

* Significantly different from the negative control at p<0.05

Test substance : MWCNT

a) Treatment time-recovery time 

CPA : CyclophosphamideㆍH2O (10 μg/ml)
PP : Polyploidy 
ER : Endoreduplication 
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Exposurea) Dose

(μg/ml)
Cell 
No.

Aberration No. of total 
chromosome 
aberrations

No. of cells 
with 

chromosome 
aberrations 

Chromatid 
type

Chromosome 
type PP/ER Gap

ctb cte csb cse (-)Gap (+)Gap (-)Gap (+)Gap
24-0 Negative 100 0 0 0 0 0 0 0 0 0 0

control 100 1 0 0 0 0 0 1 1 1 1

0.78
100 0 0 0 0 0 0 0 0 0 0
100 0 0 0 0 0 0 0 0 0 0

1.56
100 1 1 0 0 0 0 2 2 2 2
100 0 0 0 0 0 0 0 0 0 0

3.13
100 0 0 0 0 0 0 0 0 0 0
100 1 0 0 0 0 0 1 1 1 1

MMC
100 3 25 0 0 0 0 28 28 28 28
100 6 23 0 0 0 1 29 30 28 29

6-18 Negative 100 0 0 0 0 0 0 0 0 0 0
control 100 0 0 0 0 0 0 0 0 0 0

0.78
100 0 0 0 0 0 0 0 0 0 0
100 0 0 0 0 0 0 0 0 0 0

1.56
100 0 1 0 0 0 0 1 1 1 1
100 0 0 0 0 0 0 0 0 0 0

3.13
100 1 0 0 0 0 1 1 2 1 2
100 1 0 0 0 0 0 1 1 1 1

MMC
100 3 22 0 0 0 0 25 25 25 25
100 2 21 0 0 0 0 23 23 23 23

8. Appendices (Individual data)
Appendix 1. The number of cells with chromosome aberrations in the absence of S9 mix. 

Test substance : MWCNT

a) Treatment time-recovery time 

MMC : Mitomycin C (0.04 μg/ml)
PP : Polyploidy 
ER : Endoreduplication 
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Exposurea) Dose

(μg/ml)
Cell 
No.

Aberration No. of total 
chromosome 
aberrations

No. of cells 
with 

chromosome 
aberrations 

Chromatid 
type

Chromosome 
type PP/ER Gap

ctb cte csb cse (-)Gap (+)Gap (-)Gap (+)Gap

6-18 Negative 100 0 0 0 0 0 0 0 0 0 0
control 100 0 0 0 0 0 0 0 0 0 0

0.78 100 1 0 0 0 0 0 1 1 1 1
100 0 0 0 0 0 0 0 0 0 0

1.56 100 0 0 0 0 0 0 0 0 0 0
100 0 1 0 0 0 0 1 1 1 1

3.13 100 0 0 0 0 0 0 0 0 0 0
100 0 1 0 0 0 0 1 1 1 1

CPA 100 4 21 0 0 0 0 25 25 25 25
100 3 23 0 0 0 0 26 26 26 26

Appendix 2. The number of cells with chromosome aberrations in the presence of S9 mix. 

Test substance :MWCNT

a) Treatment time-recovery time 

CPA : CyclophosphamideㆍH2O (10 μg/ml)
PP : Polyploidy 
ER : Endoreduplication 
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Exposurea) S9 
mix

Dose
(μg/ml)

Cell counts (×106)
RCC(%)b)

Plate A Plate B Mean

24-0 - N.C. 1.78 1.75 1.76 1.73 1.76 100.00 
- 1.56 0.97 0.93 1.04 1.08 1.01 57.26 
- 3.13 0.85 0.89 0.90 0.84 0.87 49.57 
-    6.25 † 0.76 0.74 0.78 0.80 0.77 43.87 
-   12.5 † 0.70 0.74 0.71 0.80 0.74 42.02 
-   25 † 0.71 0.77 0.80 0.68 0.74 42.17 
-   50 † 0.57 0.65 0.61 0.69 0.63 35.90 
-   100 † 0.66 0.51 0.62 0.67 0.62 35.04 
-   200 † 0.60 0.52 0.59 0.55 0.57 32.19 

6-18 - N.C. 1.70 1.73 1.76 1.79 1.75 100.00 
- 1.56 0.94 0.93 1.04 1.03 0.99 56.45 
- 3.13 0.92 0.85 0.85 0.80 0.86 49.00 
-    6.25 † 0.70 0.71 0.75 0.82 0.75 42.69 
-   12.5 † 0.53 0.61 0.63 0.62 0.60 34.24 
-   25 † 0.63 0.62 0.61 0.65 0.63 35.96 
-   50 † 0.54 0.50 0.55 0.52 0.53 30.23 
-   100 † 0.55 0.62 0.56 0.55 0.57 32.66 
-   200 † 0.58 0.54 0.56 0.54 0.56 31.81 

6-18 + N.C. 1.39 1.38 1.35 1.35 1.37 100.00 
+ 1.56 0.79 0.77 0.87 0.81 0.81 59.23 
+ 3.13 0.62 0.62 0.73 0.72 0.67 49.18 
+    6.25 † 0.63 0.62 0.57 0.61 0.61 44.42 
+   12.5 † 0.61 0.53 0.58 0.62 0.59 42.78 
+   25 † 0.40 0.47 0.47 0.52 0.47 34.00 
+   50 † 0.48 0.32 0.40 0.44 0.41 29.98 
+   100 † 0.32 0.41 0.32 0.30 0.34 24.68 
+   200 † 0.24 0.27 0.28 0.26 0.26 19.20 

9. Annexes
Annex 1. Test result of relative cell count (preliminary range-finding test). 

N.C. : Negative control
 
Test substance : MWCNT
a) Treatment time-recovery time 
b)  RCC (Relative cell count) = (No. of treated cells / No. of control cells) × 100 (%) 

†: Test substance precipitation after treatment
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Annex 2. Test substance data sheet
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Annex 3. Quality control statement of S9 
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Annex 4. GLP certificate
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Annex 5. Quality assurance statement-Original
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Annex 6. Study personnel-Original




